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Aims: To examine the dimensionality, internal consistency, and construct validity of a new physical
workload questionnaire in employees with musculoskeletal complaints.
Methods: Factor analysis was applied to the responses in three study populations with musculoskeletal
disorders (n = 406, 300, and 557) on 26 items related to physical workload. The internal consistency of the
resulting subscales was examined. It was hypothesised that physical workload would vary among different
occupational groups. The occupations of all subjects were classified into four groups on the basis of
expected workload (heavy physical load; long lasting postures and repetitive movements; both; no
physical load). Construct validity of the subscales created was tested by comparing the subscale scores
among these occupational groups.
Results: The pattern of the factor loadings of items was almost identical for the three study populations.
Two interpretable factors were found: items related to heavy physical workload loaded highly on the first
factor, and items related to static postures or repetitive work loaded highly on the second factor. The first
constructed subscale ‘‘heavy physical work’’ had a Cronbach’s a of 0.92 to 0.93 and the second subscale
‘‘long lasting postures and repetitive movements’’, of 0.86 to 0.87. Six of eight hypotheses regarding the
construct validity of the subscales were confirmed.
Conclusions: The results support the internal structure, internal consistency, and validity of the new physical
workload questionnaire. Testing this questionnaire in non-symptomatic employees and comparing its
performance with objective assessments of physical workload are important next steps in the validation
process.
P
hysical workload is thought to be an important cause of
musculoskeletal disorders. These are common and often
cause disability and sick leave.1–4 There is moderate to
strong evidence for a relation between different aspects of
physical workload and the occurrence of back, neck,
shoulder, and hip pain.5–9
Investigating the contribution of physical workload to
musculoskeletal disorders can be done in several ways. In
retrospective studies (for example, case–control) or large
prospective studies, observation or direct measurements are
not usually feasible, so self administered questionnaires are
used as an alternative. Although it is not possible to quantify
the workload and only crude estimations of the amplitude,
frequency, or duration of workload can be made, information
collected by questionnaire may be sufficient to rank the
physical workload of specific activities, tasks, or jobs.10
Several questionnaires on physical workload have been
developed and most of these are composed of various items
relating to physical load (for example, posture, manual
handling loads, repetitive movements, static load). These
items are either summed11 or analysed separately.12–14 Some
investigators have divided their questionnaires into several
subscales. Wiktorin et al15 developed a 92 item questionnaire
for the assessment of physical load during work and leisure
time. Thirty three questions concern occupational workload
and are divided into six subscales (working postures
involving whole or parts of the body, manual material
handling, vibration, physical activity, exertion). Pope et al16
developed a self assessment questionnaire measuring physi-
cal workload and containing three subscales (working
postures, manual handling activities, and repetitive move-
ments of the upper limb). Items in a subscale should measure
a single construct, but in none of the studies were the
dimensional structure of the questionnaire and the internal
consistency of the subscales examined. Only Hildebrandt
et al17 applied principal component analysis on a screening
instrument to assess musculoskeletal workload and other
potential hazardous working conditions. The section ‘‘mus-
culoskeletal workload’’ of their questionnaire has 63 items
and is therefore too lengthy to use in large epidemiological
studies, in which several questionnaires are employed. A
short and simple workload questionnaire would be valuable
for assessing physical workload in occupational health care as
well as in epidemiological research. Our aim therefore was to
create a new questionnaire with fewer items and a shorter
administration time.
We created an item pool of questions related to physical
workload and applied factor analysis and internal consistency
analysis to facilitate item reduction and to study the
dimensionality of our questionnaire. Three populations with
musculoskeletal complaints were used to determine whether
similar factor solutions were present. Finally, the first steps
were taken to study the construct validity of the workload
questionnaire.
METHODS
Item pool
The items to be included were taken from the Dutch
musculoskeletal questionnaire (DMQ) developed by
Hildebrandt et al.17 In contrast to other physical workload
Abbreviations: BAS, BewegingsApparaat Studie; DMQ, Dutch
musculoskeletal questionnaire; KANS, Klachten Arm, Neck, and
Shoulder; MID, minimally important difference
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questionnaires, this one has been studied thoroughly for its
dimensionality and validity. The DMQ is a screening
instrument that allows global assessment of musculoskeletal
workload and other potentially hazardous working condi-
tions by seven indices. The DMQ consists of nine pages with
approximately 25 questions per page, with a completion time
of approximately 30 minutes. The index ‘‘musculoskeletal
workload’’ consists of 63 items. Items selected contained
static or unfavourable postures, and movements of the upper
or lower extremities. We included items of force, dynamic
and static load, repetitive load, (uncomfortable) postures,
sitting, standing, and walking. A 26 item pool was composed
with response options ‘‘seldom or never,’’ ‘‘sometimes,’’
‘‘often,’’ and ‘‘(almost) always’’ (see appendix), thereby
estimating the frequencies of postures, movements, and
tasks. Selection of the items was based on face validity and a
discussion among experts during a consensus meeting. Items
chosen were expected to have an association with either
upper extremity or lower extremity complaints. The score
ranges from 0 to 3, with 0 for the first category (that is,
seldom or never) and 3 for the last category ((almost)
always).
Data collection
Data were derived from two large prospective cohort studies
in general practice in the Netherlands. The musculoskeletal
disorders study (BAS) was partly carried out within the
framework of the Second Dutch National Survey of General
Practice (coordinated by the Netherlands Institute of Primary
Health Care (NIVEL)).18 BAS focuses on the prognosis and
clinical course of musculoskeletal complaints of the upper
and lower extremities in general practice. Details are
described elsewhere.19 Data were collected by means of
multiple self administered postal questionnaires. The
response to the baseline questionnaire was 88% (n=1200).
Subjects were subdivided into a group with musculoskeletal
complaints of the neck or upper extremity (BAS-UE) and a
group with musculoskeletal complaints of the lower extre-
mity (BAS-LE). For the current study only subjects who
reported that they were in paid work were included
(n=706).
The arm, neck, and shoulder study (KANS) in Rotterdam is
a two year prospective cohort study in the south west of the
Netherlands. It examines the incidence, course, and prog-
nostic factors in people with non-traumatic musculoskeletal
complaints of the upper extremity in general practice, using
self administered questionnaires. Patients who consulted
their GP for new upper extremity symptoms and gave written
informed consent were included in the cohort. The response
to the baseline questionnaire was 86% (n=717); 557 of the
717 participants reported that they had paid work.
Both studies used the same questionnaire, although the
KANS study included one additional item to the question-
naire ‘‘does your work involve adapting your posture because
of bad vision.’’ We did not include this item in the analyses.
Only baseline data from both studies were used. The
informed consent procedure and protocol of both BAS and
KANS were approved by the medical ethics committees of the
VU University Medical Centre and the Erasmus MC,
University Medical Centre Rotterdam, respectively. Charac-
teristics of the study populations are summarised in table 1.
Factor analysis
Exploratory factor analyses of the responses on physical load
at work were conducted using principal component analyses
(PCA) with varimax rotation on all three populations
separately. Factor analysis is a statistical technique that can
be used to analyse interrelations among a large number of
items while trying to explain these variables in terms of their
common underlying dimensions.20
First, we identified the number of meaningful factors
based on the Scree test21 and on the interpretation of the
factor solutions. Using the Scree plot, we looked for a break
Table 1 Descriptive data on the study populations
BAS-UE BAS-LE KANS-UE
Number of subjects 406 300 557
Mean (SD) age (years) 43 (10) 42 (12) 43 (11)
Female sex 57% 45% 53%
Working hours/week
1–24 31% 25% 26%
25–36 25% 22% 22%
.36 43% 53% 52%
BAS, musculoskeletal disorders study; KANS, arm, neck, and shoulder
study; LE, lower extremity; UE, upper extremity.
Figure 1 Scree plot of eigenvalues from the 26 item questionnaire
applied in the population with upper extremity disorders from the
musculoskeletal disorders study (BAS-UE).
Main messages
N Although several questionnaires on physical workload
exist, the dimensional structure and internal consistency
of these questionnaires have not been addressed.
N Physical workload can be measured with two short
subscales: 12 questions related to heavy physical
workload and six related to static postures or repetitive
work
N Our study provides evidence supporting the dimen-
sionality, internal consistency, and construct validity of
the new physical workload questionnaire tested in
employees with musculoskeletal disorders
Policy implications
N Physical workload is an important risk factor for
musculoskeletal disorders. Our study provides a
validated measurement instrument to measure physical
workload in symptomatic employees in a relatively
easy way. Assessment of physical workload in large
occupational populations should be based on validated
scales.
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between the factors with relatively large eigenvalues and
those with smaller eigenvalues. Factors that appeared before
the break were assumed to be meaningful, and factors that
appeared on the approximately horizontal line after the break
were considered to account for only a trivial amount of
variance and were therefore not retained.
Second, we looked at the factor structure and factor
loadings after varimax rotation. Items with a factor loading
less then 0.5 on all factors were excluded. Furthermore, items
that loaded on more than one factor were excluded. Each
factor should be comprised of at least three items.21
Finally, we carried out a forced two factor analysis on the
remaining items. The factor analysis resulted in a two factor
structure: ‘‘heavy physical workload’’ (12 items) and ‘‘long
lasting postures and repetitive movements’’ (six items).
Internal consistency
Internal consistency is a measure of the homogeneity of a
scale. It indicates the extent to which items in a scale are
intercorrelated and thus measure the same construct. The
internal consistencies of the subscales created were examined
using Cronbach’s a. Item-total correlations between indivi-
dual items and the sum of the remaining items on a factor
were calculated. Items with an item-total correlation of 0.40
or less were excluded.
Construct validity and statistical analysis
Validity is the degree to which an instrument measures what
it is supposed to measure.22 The BAS study contained a
question about the subjects’ occupations. We hypothesised
that physical workload would vary among different occupa-
tional groups. Validity of the created subscales was assessed
by comparing the subscale scores of four occupational groups
with substantially different physical workloads. Scoring was
done by simply adding up the response to each item, which
produced raw scores of from 0 to 36 for the first subscale and
0 to 18 for the second subscale. The final scores were
calculated by dividing the raw score by the maximum score,
multiplied by 100, resulting in a final score ranging between
0 (no physical workload) and 100 (highest physical work-
load) for both subscales.
We classified the occupations of all subjects into four
groups on the basis of expected physical load:
N Group 1: no physical load (for example, teacher, hostess)
N Group 2: both heavy physical load and long lasting
postures and repetitive movements (for example, post-
man, house painter, hairdresser)
N Group 3: long lasting postures and repetitive movements
(for example, administrator, cashier, civil servant)
N Group 4: heavy physical load (for example, nurse, cleaning
lady).
Three investigators (SB, CT, DvdW) made this classifica-
tion independently. Disagreements between the investigators
were discussed and resolved during a consensus meeting.
Occupations that could not be classified were grouped as
missing (79 and 70 occupations in BAS-UE and BAS-LE,
respectively). In all, we were able to classify the occupations
of 317 subjects from the BAS-UE population and 212 from
the BAS-LE population. Ten subjects from BAS-UE and 12
from BAS-LE did not fill in their occupation.
The following hypotheses were tested to assess construct
validity:
Table 2 Factor analyses: factor loadings after varimax rotation
BAS–upper extremity BAS–lower extremity KANS–upper extremity
Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2
a Standing 0.71 0.08 0.74 20.15 0.74 0.04
b Sitting 20.77 0.16 20.70 0.37 20.65 0.35
c VDU work 20.72 0.25 20.71 0.29 20.67 0.21
d Walking 0.67 20.01 0.72 20.13 0.66 20.03
e Kneeling/squatting 0.72 0.09 0.77 0.20 0.72 0.16
f Repetitive movement 0.09 0.77 0.16 0.74 0.08 0.79
g Twisted posture 0.35 0.57 0.48 0.59 0.33 0.64
h Neck bent forward 0.14 0.71 0.24 0.69 0.16 0.71
i Turning/bending neck 0.15 0.71 0.26 0.70 0.17 0.73
j Wrists bent or twisted 0.15 0.73 0.05 0.78 0.11 0.75
k Hands above shoulders 0.65 0.27 0.65 0.29 0.68 0.17
l Hands below knees 0.68 0.22 0.72 0.24 0.76 0.08
m Moving loads (.5 kg) 0.77 0.19 0.80 0.10 0.77 0.15
n Moving loads (.25 kg) 0.62 0.19 0.71 0.09 0.71 0.11
o Exert force with arms 0.82 0.29 0.85 0.19 0.81 0.24
p Maximal force exertions 0.77 0.34 0.74 0.24 0.76 0.27
q Physical hard work 0.77 0.29 0.82 0.21 0.80 0.23
r Static posture 20.20 0.78 20.14 0.79 20.17 0.79
s Uncomfortable posture 0.50 0.55 0.61 0.43 0.54 0.47
t Work with vibrating tools 0.36 0.27 0.42 0.29 0.46 0.20
u Handling peddles with feet 0.15 0.11 0.27 0.32 0.15 0.12
v Climbing stairs 0.38 0.00 0.33 0.13 0.35 20.06
w Often squatting 0.69 0.22 0.69 0.28 0.67 0.15
x Walking on irregular surfaces 0.40 20.02 0.52 0.21 0.52 0.15
y Sitting/moving on knees 0.54 0.05 0.64 0.17 0.58 0.11
z Repetitive tasks arms/hands 20.10 0.77 20.10 0.78 20.03 0.77
Eigenvalue* 8.97 3.70 9.81 4.03 9.00 3.94
Variance explained before rotation 34.5% 14.2% 37.7% 15.2% 34.6% 15.1%
Variance explained after rotation 30.8% 17.9% 34.6% 18.6% 31.9% 49.7%
Total variance explained 48.7% 53.2% 49.7%
Factor loadings >0.5 are given in bold.
*Eigenvalues refer to the total variance explained by each factor.
Percentage of the variance explained by each factor before and after varimax rotation.
BAS, musculoskeletal disorders study; KANS, arm, neck, and shoulder study; VDU, visual display unit.
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N The mean score on the subscale ‘‘heavy physical work-
load’’ is higher for the occupational group with heavy
physical workload (group 2) than for the occupational
group with static postures and repetitive movements
(group 3).
N The mean score on the subscale ‘‘heavy physical work-
load’’ is higher for the occupational group with heavy
physical workload (group 2) than for the occupational
group without physical workload (group 1).
N The mean score on the subscale ‘‘long lasting postures and
repetitive movements’’ is higher for the occupational
group with static postures and repetitive movements
(group 3) than for the occupational group with heavy
physical workload (group 2).
N The mean score on the subscale ‘‘long lasting postures and
repetitive movements’’ is higher for the occupational
group with static postures and repetitive movements
(group 3) than for the occupational group without
physical workload (group 1).
N The mean score on the subscale ‘‘heavy physical work-
load’’ is higher for the occupational group with both
physical heavy and static postures and repetitive move-
ments (group 4) than for the occupational group without
physical workload (group 1).
N The mean score on the subscale ‘‘long lasting postures and
repetitive movements’’ is higher for the occupational
group with both heavy physical load and static postures
and repetitive movements (group 4) than for the occupa-
tional group without physical workload (group 1).
N In the occupational group with heavy physical workload
(group 2) the mean score on the subscale ‘‘heavy physical
workload’’ is higher than on the subscale ‘‘long lasting
postures and repetitive movements.’’
N In the occupational group with static postures and
repetitive movements (group 3) the mean score on the
subscale ‘‘long-lasting postures and repetitive move-
ments’’ is higher than on the subscale ‘‘heavy physical
workload.’’
We tested whether the data showed an approximately
normal distribution. We used the independent t test to test
the first six hypotheses, and the paired sampled t test to test
the last two hypotheses. In case of skewed data the
equivalent non-parametric test was used (that is, the
Mann–Whitney U test or the Wilcoxon signed rank test).
Probability (p) values less than 0.01 were considered
significant. All analyses were done using the Statistical
Package of Social Sciences, version 10.1 for Windows (SPSS
Inc, Chicago, Illinois, USA).
RESULTS
The Scree plot applied to the data of BAS-UE shows a distinct
break before factor 3, suggesting that only the first two
factors were meaningful enough to be retained (fig 1). The
Scree test in the other two population showed similar plots.
This indicates that two factors may be adequate to describe
the data. This initial solution accounted for 48.7% of the total
variance for BAS-UE, 53.2% for BAS-LE, and 49.7% for KANS
(table 2).
Subsequently, we undertook a forced two-factor solution.
The rotated factor loadings of these analyses are shown in
table 2. The pattern of loadings of items on the factors was
almost identical for the three study populations. Examination
of the factor loadings showed that the items ‘‘prolonged
sitting’’ (b) and ‘‘prolonged visual display units (VDU) work’’
(c) loaded highly negative on the first factor and did not load
convincingly on the second factor, and they were therefore
excluded. Three items (work with vibrating tools (t), operate
peddles with feet (u), and climbing stairs (v)) with a loading
less than 0.5 on both factors were excluded. The items
twisted posture (g) and uncomfortable postures (s) were
excluded because they loaded on both factors with similar
loadings. The item ‘‘walking on irregular surfaces’’ (x) had a
factor loading of less than 0.4 and an item-total correlation of
0.38 in the BAS-UE. Because this item had factor loadings
only slightly above 0.5 in the other two populations, and the
total variance explained increased when this item was
deleted, we decided to exclude it.
Table 3 Final factor loadings after a forced two factor solution with varimax rotation and exclusion of items
BAS–upper extremity BAS–lower extremity KANS–upper extremity
Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2
a Standing 0.68 0.08 0.72 20.10 0.73 0.06
d Walking 0.65 20.08 0.71 20.12 0.66 20.01
e Kneeling/squatting 0.75 0.00 0.79 0.15 0.73 0.10
k Hands above shoulders 0.67 0.22 0.67 0.27 0.68 0.14
l Hands below knees 0.73 0.12 0.74 0.20 0.78 0.02
m Moving loads (.5 kg) 0.81 0.10 0.82 0.06 0.81 0.08
n Moving loads (.25 kg) 0.67 0.09 0.74 0.03 0.75 0.02
o Exert force with arms 0.86 0.20 0.86 0.13 0.83 0.20
p Maximal force exertions 0.82 0.24 0.78 0.18 0.80 0.21
q Physical hard work 0.80 0.20 0.85 0.15 0.84 0.16
w Squatting often 0.71 0.14 0.69 0.25 0.69 0.11
y Sitting, moving on knees 0.55 20.04 0.65 0.12 0.58 0.06
f Repetitive movement 0.16 0.80 0.19 0.77 0.12 0.81
h Neck bent forward 0.18 0.69 0.26 0.71 0.19 0.71
i Turning/bending neck 0.20 0.71 0.29 0.71 0.20 0.74
j Wrists bent or twisted 0.21 0.72 0.10 0.80 0.15 0.76
r Static posture 20.12 0.79 20.10 0.81 20.11 0.79
z Repetitive tasks arms/hands 20.03 0.81 20.07 0.82 0.02 0.80
Eigenvalue* 7.14 3.06 7.62 3.28 7.23 3.24
Variance explained before rotation 39.7% 17.0% 42.36% 18.2% 40.2% 18.0%
Variance explained after rotation 36.3% 20.3% 39.1% 21.5% 37.5% 20.6%
Total variance explained 56.6% 60.6% 58.2%
Factor loadings >0.5 are given in bold.
*Eigenvalues refer to the total variance explained by each factor.
Percentage of the variance explained by each factor before and after varimax rotation.
BAS, musculoskeletal disorders study; KANS, arm, neck, and shoulder study.
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As a result, 18 items remained (12 items factor 1, six items
factor 2), which accounted for between 56.6% and 60.6% of
the total variance after a forced two factor analysis with
varimax rotation (table 3). The items that loaded high on the
first factor were related to heavy physical work, and items
that loaded high on the second factor were related to static
postures or repetitive movements. The factors were labelled
as ‘‘heavy physical work’’ and ‘‘long lasting postures and
repetitive movements’’. Item-total correlations and internal
consistencies are shown in table 4. Item-total correlation
ranged from 0.46 to 0.84. The first subscale ‘‘heavy physical
work’’ had a Cronbach’s a of 0.92 to 0.93 and the second
subscale ‘‘long lasting postures and repetitive movements’’ of
0.86 to 0.87.
In table 5 the median subscales’ scores and interquartile
ranges per occupational group are presented. Eight hypoth-
eses concerning construct validity were tested. For six of the
eight hypotheses there was enough evidence to confirm the
hypothesis that the mean values were different (p,0.0001).
Although the occupational group with long lasting postures
and repetitive movements (group 3) scored higher on the
subscale ‘‘long lasting postures and repetitive movements’’
than the occupational group with heavy physical workload
(group 2), the difference was not statistically significant.
Additionally, the occupational group with heavy physical
workload (group 2) had similar mean scores on both
subscales, although it was hypothesised that the mean score
on the subscale ‘‘heavy physical load’’ would be higher.
DISCUSSION
For large scale population studies, self administered ques-
tionnaires are a feasible alternative to objective assessment of
physical workload. The scores of multiple item questionnaires
are often reduced to one total score or a few subscores to
avoid having to analyse each individual item as an outcome
measure or a potential predictor of outcome. Factor analysis
is a good technique for integrating various items, thereby
reducing the number of variables to be analysed. In the
current study a set of 26 items was reduced to 18 items and
two interpretable factors, namely ‘‘heavy physical load’’ and
‘‘long lasting postures and repetitive movements.’’ The two
factors accounted for approximately 60% of the variance. The
pattern of the items’ loading on the two factors was almost
identical for the three study populations, which means that
our results may be generalised to other populations with
musculoskeletal complaints.
Both subscales had good internal consistencies (0.92 to
0.93 for ‘‘heavy physical work’’ and 0.86 to 0.87 for ‘‘long
lasting postures and repetitive movements’’), and all item-
total correlations were above 0.45. A Cronbach’s a value
exceeding 0.90 may indicate item redundancy, which
suggests that some items may be unnecessary. However,
examining the correlation matrix (data not shown) revealed
that the highest correlation found between two items was
0.81, which does not indicate redundancy.
We tested the validity of the created subscales of the
questionnaire by comparing the subscale scores between four
occupational groups with different physical workloads. We
classified the occupations of the subjects into four groups on
the basis of their expected physical load and used these as a
gold standard. It is evident that this demonstration of the
questionnaires’ validity is limited as the classification was
done on job titles, which may lead to misclassification.23 Two
of eight hypotheses were rejected. There was a small and
non-significant difference between the scores in the group
with physically heavy work and the group with static
postures and repetitive movements on the subscale ‘‘long
lasting postures and repetitive movements.’’ The group with
physically heavy work had similar mean scores on both
subscales, although we predicted that the mean score on the
subscale ‘‘heavy physical work’’ would be higher. Although
this could be explained by a possible flaw in the construction
of the ‘‘long lasting procedures and repetitive movements’’
subscale, there was enough evidence to confirm six of the
eight hypotheses. This result can also be explained by
mistakes made during the classification of the occupation.
It is plausible that jobs that we classified as ‘‘physically
heavy’’ also entailed static postures or repetitive movements
Table 4 Item-total correlation and internal consistency
BAS-UE BAS-LE KANS-UE
Item-total correlation (min-max):
Subscale 1: heavy physical work 0.46 to 0.84 0.59 to 0.83 0.51 to 0.81
Subscale 2: long lasting postures and repetitive movements 0.59 to 0.70 0.64 to 0.70 0.61 to 0.72
Internal consistency (Cronbach’s a):
Subscale 1: heavy physical work 0.92 0.93 0.93
Subscale 2: long lasting postures and repetitive movements 0.86 0.87 0.87
BAS, musculoskeletal disorders study; KANS, arm, neck, and shoulder study; LE, lower extremity; UE, upper
extremity.
Table 5 Medians and interquartile ranges (in brackets) of subscale scores per occupation group
BAS–upper extremity BAS–lower extremity
n Subscale 1 n Subscale 2 n Subscale 1 n Subscale 2
Group 1: no physical workload 52 19.4 (30.6) 52 16.7 (33.3) 39 16.7 (27.8) 39 16.7 (22.2)
Group 2: heavy physical load 79 47.2 (25.0) 79 44.4 (44.4) 42 38.9 (19.4) 43 33.3 (38.9)
Group 3: long lasting postures and repetitive
movements
129 2.78 (13.9) 128 50.0 (33.3) 87 5.6 (16.7) 87 44.4 (38.9)
Group 4: both heavy physical workload and long
lasting postures and repetitive movements
54 40.3 (27.8) 52` 61.1 (27.8) 42 48.6 (28.5) 42 44.4 (33.3)
Missing* 77 22.2 (38.9) 78 33.3 (44.4) 70 25.0 (31.9) 70 33.3 (50.0)
*Occupations that were unknown to the investigators or could not be classified.
No subscale score could be calculated for one subject of the group owing to an incomplete questionnaire.
`No subscale score could be calculated for two subjects of the group owing to incomplete questionnaires.
BAS, musculoskeletal disorders study.
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(such as neck bend forward, wrists bend or twisted, static
posture), and hence these would score high on the second
subscale as well. The tasks within an occupation can vary a
great deal. Thus a better way of validating the questionnaire
is to relate it to job tasks instead of jobs. Unfortunately we
did not have that information. Nevertheless, the question-
naire could clearly distinguish between the scores of the
group with static postures and repetitive movements. As
expected, they scored low on the first subscale and high on
the second. Also the hypotheses regarding the jobs we
classified as involving both ‘‘physically heavy work’’ and
‘‘static postures and repetitive movements’’ were confirmed.
This provides initial evidence for the questionnaire’s validity.
Establishing validity is an ongoing process.22 The next step
could be to administer the questionnaire in several groups of
workers with occupations that differ greatly with respect to
physical workload. Furthermore, validity may be further
investigated by comparing the questionnaire with objective
assessments of physical workload, and to compare its
performances with other physical workload questionnaires.
One may argue that the method we used to assess validity
is questionable, as finding a significant difference in scores is
dependent on the sample size. Instead of comparing the
actual difference between scores, the hypotheses should
entail the definition of a relevant difference. However, as the
questionnaire is newly developed, the minimally important
difference (MID) is as yet unknown. The differences found
between the occupational groups are quite large for the
confirmed hypotheses (17 to 40 points) and hence are likely
to be relevant. Furthermore, in a recent review of studies
assessing the MID of health related quality of life instru-
ments it was found that in most circumstances the MID
appears to be approximately half a standard deviation.24
Although it is uncertain whether these results can be applied
to a questionnaire on physical workload, the differences
between the occupational groups on our study were at least
half a standard deviation. We consider this an additional
indication of the relevance of these differences, and thus of
the validity of our approach.
It is not surprising that our factor structure differed from
that found by Hildebrandt et al.17 Although we used their
questionnaire to create an item pool, our list is substantially
shorter and has only one type of response option instead of
several different types. Our questionnaire can therefore be
considered to be completely different. Hildebrandt et al
presented one dimension of musculoskeletal workload and
considered the items sitting, standing, walking, and uncom-
fortable postures as four separate factors. Our first factor
corresponds with their factors ‘‘force exertion’’ and ‘‘dynamic
loads’’ and our second factor with ‘‘static loads’’ and
‘‘repetitive loads’’. Items that load on the same factor should
share the same conceptual meaning. Force exertion and
dynamic loads can be considered as aspects of heavy physical
load and can thus be regarded as measuring the same
construct. However, one may argue that ‘‘long lasting
postures’’ and ‘‘repetitive movements’’ are different concepts.
If we had included more items on repetitive movements, we
might have found that the second subscale would split up
into a ‘‘long lasting postures’’ scale and a ‘‘repetitive
movements’’ scale. However, the internal consistency of the
second scale was high, which indicates homogeneity among
the items. Perhaps long lasting postures and repetitive
movement often go together in job descriptions or activities.
Although we have attempted an accurate examination of
the measurement properties of the new physical workload
questionnaire, there are some aspects that merit discussion.
One problem with self reported measurements of workloads
is potential reporting bias and reverse causation because of
differences in, for instance, pain, sex, and age. Under similar
working conditions, employees with more pain, women, or
older employees may report a greater physical workload than
those with less pain, men, or younger employees. A
longitudinal design would make it possible to examine the
existence of reporting bias caused by pain or age. We tested
the psychometric properties of this physical workload
questionnaire using a secondary dataset containing records
from employees with musculoskeletal complaints. Further
studies should examine whether the questionnaire is also
valid in other populations, for example employees without
complaints.
One issue that was suggested by the results of the factor
analysis may be of relevance to further development of the
Table 6 Questionnaire derived from the Dutch musculoskeletal questionnaire (DMQ)
Does your work involve…
a Standing for long periods of time?
b Sitting for long periods of time?
c VDU work for long periods of time?
d Walking long periods of time?
e Kneeling or squatting for long periods of time?
f Making the same movement for long periods of time?
g Working in a twisted posture for long periods of time?
h Holding your neck in a bent forward or twisted position for long periods of time?
i Bending or twisting your neck often?
g Holding your wrist in a bent or twisted position for long periods of time?
k Work(ing) with your hands above shoulder level?
l Work(ing) with your hands below knee level?
m Moving loads (more than 5 kg)?
n Moving heavy loads (more than 25 kg)?
o Exerting force with your arms or hands?
p Exerting maximal force?
q Physical hard work?
r Working in the same position for long periods of time?
s Working in uncomfortable postures?
t Working with vibrating tools?
u Operating peddles with your feet?
v Climbing stairs?
w Squatting often?
x Walking on irregular surfaces?
y Sitting or moving on your knees?
z Doing repetitive tasks with arms, hands or fingers many times per minute?
VDU, visual display unit.
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questionnaire. The items ‘‘sitting’’ and VDU work loaded
highly negative on the first factor and did not load on the
second factor. These items were not retained, because every
subscale in a questionnaire should contain at least three
variables.21 However, sedentary work may be an important
factor in assessing (lack of) physical workload. A sedentary
lifestyle induces a considerably increased risk of morbidity
and mortality from several diseases.25 26 Furthermore, many
jobs nowadays involve sitting and VDU work. Therefore, it
might be suggested that these items should be combined into
a third subscale of the questionnaire.
The results of our study provide evidence supporting the
internal structure, internal consistency, and validity of the
new physical workload questionnaire in a population with
musculoskeletal disorders. Further psychometric work is
needed to build this questionnaire and its psychometric
properties.
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REFERENCES
1 Picavet HS, Schouten JS. Musculoskeletal pain in the Netherlands:
prevalences, consequences and risk groups, the DMC(3)-study. Pain
2003;102:167–78.
2 Urwin M, Symmons D, Allison T, et al. Estimating the burden of
musculoskeletal disorders in the community: the comparative prevalence of
symptoms at different anatomical sites, and the relation to social deprivation.
Ann Rheum Dis 1998;57:649–55.
3 Badley EM, Webster GK, Rasooly I. The impact of musculoskeletal disorders in
the population: are they just aches and pains? Findings from the 1990 Ontario
Health Survey. J Rheumatol 1995;22:733–9.
4 Atroshi I, Andersson IH, Gummesson C, et al. Primary care patients with
musculoskeletal pain. Value of health-status and sense-of-coherence measures
in predicting long-term work disability. Scand J Rheumatol 2002;31:239–44.
5 van der Windt DA, Thomas E, Pope DP, et al. Occupational risk factors for
shoulder pain: a systematic review. Occup Environ Med 2000;57:433–42.
6 Arie¨ns GA, van Mechelen W, Bongers PM, et al. Physical risk factors for neck
pain. Scand J Work Environ Health 2000;26:7–19.
7 Pope DP, Croft PR, Pritchard CM, et al. Occupational factors related to
shoulder pain and disability. Occup Environ Med 1997;54:316–21.
8 Hoogendoorn WE, van Poppel MN, Bongers PM, et al. Physical load during
work and leisure time as risk factors for back pain. Scand J Work Environ
Health 1999;25:387–403.
9 Miranda H, Viikari-Juntura E, Martikainen R, et al. A prospective study of
work related factors and physical exercise as predictors of shoulder pain.
Occup Environ Med 2001;58:528–34.
10 Burdorf A, van der Beek AJ. In musculoskeletal epidemiology are we asking
the unanswerable in questionnaires on physical load? Scand J Work Environ
Health 1999;25:81–3.
11 Hollmann S, Klimmer F, Schmidt KH, et al. Validation of a questionnaire for
assessing physical work load. Scand J Work Environ Health
1999;25:105–14.
12 Viikari-Juntura E, Rauas S, Martikainen R, et al. Validity of self-reported
physical work load in epidemiologic studies on musculoskeletal disorders.
Scand J Work Environ Health 1996;22:251–9.
13 Leijon O, Wiktorin C, Harenstam A, et al. Validity of a self-administered
questionnaire for assessing physical work loads in a general population.
J Occup Environ Med 2002;44:724–35.
14 Campbell L, Pannett B, Egger P, et al. Validity of a questionnaire for assessing
occupational activities. Am J Ind Med 1997;31:422–6.
15 Wiktorin C, Hjelm EW, Winkel J, et al. Reproducibility of a questionnaire for
assessment of physical load during work and leisure time. Stockholm MUSIC I
Study Group. MUSculoskeletal Intervention Center. J Occup Environ Med
1996;38:190–201.
16 Pope DP, Silman AJ, Cherry NM, et al. Validity of a self-completed
questionnaire measuring the physical demands of work. Scand J Work
Environ Health 1998;24:376–85.
17 Hildebrandt VH, Bongers PM, van Dijk FJ, et al. Dutch Musculoskeletal
Questionnaire: description and basic qualities. Ergonomics
2001;44:1038–55.
18 Schellevis FG, Westert GP, de Bakker DH, et al. De tweede nationale studie
naar ziekten en verrichtingen in de huisartsenpraktijk: aanleiding en
methoden. Huisarts en Wetenschap 46:7–12.
19 van der Waal JM, Bot SD, Terwee CB, et al. Determinants of the clinical course
of musculoskeletal complaints in general practice: design of a cohort study.
BMC Musculoskelet Disord 2003;4:3.
20 Hair JF, Anderson RE, Tatham RL, et al. Multivariate data analysis, 5th edn.
New Jersey: Prentice Hall, 1998.
21 Streiner DL. Figuring out factors: the use and misuse of factor analysis.
Can J Psychiatry 1994;39:135–40.
22 Streiner DL, Norman GR. Health measurement scales: a practical guide to
their development and use, 2nd edn. Oxford University Press, 1995.
23 van der Beek AJ, Braam IT, Douwes M, et al. Validity of a diary estimating
exposure to tasks, activities, and postures of the trunk. Int Arch Occup Environ
Health 1994;66:173–8.
24 Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes in health-
related quality of life: the remarkable universality of half a standard deviation.
Med Care 2003;41:582–92.
25 Blair SN, Kohl HW, Gordon NF, et al. How much physical activity is good for
health? Annu Rev Public Health 1992;13:99–126.
26 Pate RR, Pratt M, Blair SN, et al. Physical activity and public health. A
recommendation from the Centers for Disease Control and Prevention and the
American College of Sports Medicine. JAMA 1995;273:402–7.
986 Bot, Terwee, van der Windt, et al
www.occenvmed.com
